A cohort of infants of birth weight ::;;; 1700 g studied pros pectively for retinopathy of prematurity (ROP) has been reviewed at 6 months corrected age and the findings related to the neonatal data. The overall incidence of stra bismus was 6.4% (30/468), rising from 3.1 % (7/229) with out ROP to 29.2% (7/24) with stage 3. Strabismus and fusional ability were significantly related to presence and severity of ROP, and abnormal neonatal cranial ultra sound findings. Binocular visual acuity was measured in 340 infants between 20 and 40 weeks corrected age. Eight were subnormal, all due to neurological problems. For the remainder, despite falling within the normal range, there was a significant trend (p<0.001) for lower acuities with increasing ROP severity. Cycloplegic refraction on 387 infants revealed, with increasing ROP severity: 1, a significant trend towards myopia; 2, increased magni tude of astigmatism; 3, alteration of the astigmatic axis; 4, increased incidence of anisometropia. For the first three categories there was an insignificant trend between no ROP and stage 2, reaching significance only between stage 2 and 3. The predominant axis of astigmatism in infants without ROP was between 60° and 120°, but with ROP there was a significant trend away from this direction.
ROP and stage 2, reaching significance only between stage 2 and 3. The predominant axis of astigmatism in infants without ROP was between 60° and 120°, but with ROP there was a significant trend away from this direction.
Infants born preterm are at risk of experiencing a variety of ophthalmic problems during the neonatal period, some times with sequelae which may become apparent later in infancy, childhood or adult life. The best-known example of the first is retinopathy of prematurity (ROP) and the later associations or complications of pre term birth include visual acuity deficits, ocular motility disorders, optic atrophy and refractive errors. \-9 In order to investi gate the causation of the ophthalmic sequelae of prematu rity, information on the perinatal period is mandatory, and ideally should include details of both systemic and oph- Eye (1992) 6,477-483 thalmic events. There have, however, been relatively few studies on the ophthalmic outcome of low birthweight infants which consider in detail neonatal data. lO-l9 Recently we undertook a prospective study of ROP in the East Midlands of England which was specifically designed to investigate its natural history.2o Here we pres ent the ophthalmic findings of this cohort obtained at 6 months corrected age and compare them with the findings obtained during the neonatal period.
PATIENTS AND METHODS
A prospective study to determine the incidence and sever ity of ROP in a geographically defined population was undertaken over a 23-month period between 1 July 1985 and 31 May 1987 in the East Midlands of England. 20 All infants with a birth weight � 1700 g who survived 3 weeks were enrolled from five neonatal units in the cities of Derby, Nottingham and Leicester. No infant received sup plemental vitamin E. The epidemiological aspects of this cohort have been reported?l Commencing at 3 weeks of age, ophthalmic examin ations were performed weekly during the infant's stay on the neonatal unit until 12 weeks of age. After discharge, infants were examined every 2 weeks until 12 weeks of age, and thereafter as clinically indicated, with a final assessment at 6 months corrected age. All ophthalmic examinations at this time were performed by one ophthal mologist (ARF). Before 12 weeks, examinations were performed following instillation of topical anaesthesia (oxybuprocaine hydrochloride 0.4%) using an eyelid speculum and scleral indentation to visualise the entire 360° of the retinal circumference. Indirect ophthalmos copy was performed using a 28 D lens preceded by dilata tion of the pupils with cyclopentolate 0.5% drops ± phenylephrine 2.5%. Results were recorded on a computer coding form with the acute changes of ROP documented according to the International Committee for Classifi cation of Retinopathy of Prematurity.22 Cicatricial ROP was recorded using the classification of Reese and associates. 23 The ophthalmic examination at around 6 months cor-rected age included visual acuity measurement, recorded using the acuity card procedure24 (by ARF except for orthoptic assessment by DP for some infants in one centre). Binocular visions were measured; however, mon ocular acuities were also obtained in certain instances, such as those infants with ROP stage 3 or above. Assess ment of ocular motility included examination for the pres ence of strabismus and nystagmus. Fusional ability was assessed using a 20 0 base-out prism in front of each eye. Retinoscopy was performed, with partjcular care being taken to remain on the optic axis, following cycloplegia induced by instillation of cyclopentolate 1% eyedrops.
Results were recorded with positive cylinder notation.
Where given, mean spherical equivalents were calculated from the formula: 25
Fundus examination at the 6 month visit was performed using a 20 0 lens for greater magnification and a 28 0 lens to examine the retinal periphery. Scleral indentation and an eyelid speculum were not used at this time. In addi tion the degree of tortuosity of the retinal arterioles near the optic disc was recorded on a 5-point scale from 0 to ++++. Any other ophthalmic abnormalities, not directly related to ROP, were also noted. Data were stored on the mainframe computer (IBM 3090) at Birmingham University and analysed with the statistical package SPSS. Relationships between categor ical variables were investigated with the chi-squared test (Tables I-III, VII, VIII) . Visual acuities and refractive components between ROP groups were tested by analysis of covariance with ROP group as factor in the model, and age at testing as covariate. Various other factors that may confound the ROP group comparison were introduced as covariates in the model. In the case of overall significant group differences, pairwise comparisons between groups were conducted in order to identify the source of the significance.
Non-ophthalmic data were also recorded. These included details of pregnancy, labour, resuscitation, post natal illness and cranial ultrasound (performed in four out of five neonatal units). Ultrasound abnormalities con sidered significant were:
I. Cystic periventricular leucomalacia or persistent flare.
2. Ve ntricular dilatation persistent for more than I week.
3. Peri ventricular haemorrhage excluding subependymal haemorrhage.
4. Miscellaneous neurological abnormalities (e.g. primary neurodevelopmental disorders). UJ1fortunately not all tests (e.g. cranial ultrasound) were performed on all infants. To avoid confusion, therefore, it is important that the reader does not always refer to the entire cohort, but only to that proportion on whom that particular investigation was performed. Direct compari son between tests is thus not always possible.
The cohort was reduced to 524 by 3 months and oph thalmic examinations were performed on 481 (91.8%) on or after this corrected age. Data were collected on 3958 ophthalmic examinations, 1213 performed after 12 weeks. Acute ROP developed in 291 infants out of the 572 (50.9%). The maximum stage reached was I in 171 (29.9%),2 in 93 (16.3%),3 in 25 (4.4%) and 4 in 2 (0.3%). Cicatricial ROP developed in 10 eyes of 6 (1.1 % of 572) infants (ranging from 880 to 1300 g Bwt, and from 25 to 28 weeks GA), with grade 1 in 6 eyes, II in I eye, and III in 3 eyes. The one infant who developed grade III cicatricial disease bilaterally, died before the 6-month assessment, and is not therefore included in the subsequent analysis. One eye required cryotherapy, and this eye subsequently developed cicatricial stage 3 ROP. There was a highly sig nificant association between cranial ultrasound findings and both the presence (p = 0.001) and stage (p<0.00 I) of ROP (Table I) .
The results of examination for strabismus were avail able in 468 infants. Strabismus was present in 30 infants (6.4%): 20 convergent and 10 divergent (Table II) . The incidence of strabismus increased with both the presence and stage of acute ROP as follows: no ROP, 7/229 (3.1 %); stage I, 10/144 (6.9%); stage 2, 6/71 (8.5%), and stage 3/4, 7/24 (29.2%). There was a significant relation between strabismus and both presence and stage of ROP (p = 0.007 and p = 0.001 respectively), and abnormal cranial ultrasound events in the neonatal period (p<O.OO I). Fusional ability was tested in 454 infants; it was abnormal in 49 (10.8%), and was also significantly associated with both the presence and stage of ROP (p = 0.005 and p<O.OOl respectively; Table III) , and with abnormal cranial events (p<0.001). It was not possible to differentiate the individual effects on strabismus and fusion of prematurity, abnormal cranial ultrasound and ROP. Binocular visual acuity was recorded in 431 infants using the acuity card procedure, and the 340 tests (78.9%) undertaken between 20 and 40 weeks corrected age have been analysed. Analysis of covariance demonstrated that visual acuity increased significantly with age (p = 0.003). In 8 infants, acuities fell below the normal range, and 2 of these had no grating detection. No infant with reduced acuity had bilateral retinal abnormalities considered suf ficient to account for this finding, but all had severe neuro logical disorders. The 8 with reduced acuity (these represent all 4� 1 tested) were removed before analysis, but the remainder, despite falling within the normal range, exhibited a significant trend (p <0.00 I) for lower values with the presence and severity of ROP (Fig. I) . This was only significant when taken as a whole, and not between each stage. This effect persisted after correction for both GA and age at examination. Furthermore, correction for abnormal cranial ultrasound results (n = 183) did not sig nificantly alter this trend, neither did exclusion of those infants with cicatricial disease (including dragged discs although, as mentioned, in no case were these bilateral).
When acuity was plotted against Bwt and GA, no trend was observed. Abnormal cranial ultrasound was not asso ciated with reduced acuity (p = 0.137). No infant was blind due to ROP. Retinoscopy was performed on 469 infants and the 387 tests (82.5%) undertaken between 20 and 45 weeks cor rected age (Fig. 2) have been analysed. Using analysis of covariance and correcting for age at testing, there was a significant inverse association between stage of ROP and the magnitude of the mean plus spherical correction in each eye (i.e. a trend toward myopia, p<O.OO I for right and left eyes, Table IV ). Mean astigmatism was signifi cantly increased with higher stages of ROP for both eyes (right, p = 0.0\0; left, p = 0.009; Table V ). There was a significant association between ROP stage and mean spherical equivalents for each eye (right, p = 0.002; left, p = 0.003; Table VI). However, the only single significant step for both spheres, spherical equivalent and astigma tism was between stages 2 and 3, although there was an insignificant trend from stages 0 to 2. For infants without ROP the predominant axis of astigmatism was 60°-120°, but with increasing severity the proportion of 60°-120° decreased and the proportion of 150°-30° and other axes Tw enty-six other ocular findings were recorded at 6 months. These were as follows, with numbers of infants in parentheses: nystagmus (4), mild blepharophimosis (4), optic atrophy (3), double elevator palsy (2, in identical twins),26 disc coloboma (2), lens subluxation (1 ), cataract (1), uveitis ( I), microphthalmos (1 ), eyelid haemangioma (1 ), simple anisocoria (1), limbal dermoid (1 ), optic nerve hypoplasia (1), ptosis (1), pigmented retina (1) and homonymous hemianopia (1). Some infants had more than one abnormality.
DISCUSSION
There have been a number of studies reporting the oph thalmic findings in infants and children born prematurely, but as mentioned above, relatively few have compared ophthalmic data from neonatal and subsequent periods. We have recently studied prospectively a cohort of infants of birth weight � 1700 g (n = 572) commencing in the For infants who never developed ROP the predominant axis is 60°_120°, but with increasing ROP severity there was a significant trend away from this axis (p = 0.0 I) and the proportion at other axes increased.
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neonatal period in order to study the natural history of acute ROP. 20 Here we have presented the ophthalmic find ings of this cohort at 6 months corrected age and compared them with data obtained during the neonatal period. The incidence of strabismus (6.4%) was lower than that noted in previous studies/-I 1.13-19 which ranged from 9% to 25%. The various cohorts are not directly comparable and testing at 6 months almost certainly underestimated the long-term situation. In part this may explain the dis crepancy with other studies, all of which studied older infants, or children. We report, for the first time, that stra bismus is significantly associated with both the presence and stage of acute ROP, rising from 3.1 % in those without ROP to 29.2% with stage 3 disease. Kushnerlo also reported an increased incidence of strabismus in infants with regressed mild ROP compared with preterms who had not developed ROP. Infants with obvious abnormal ities of the central nervous system were excluded by Kushner, but there was no mention of neonatal neuro logical evaluation, and he acknowledged that subtle abnormalities may not have been detected. Schaffer et al.
1.1
found no major difference in the incidence of strabismus, amblyopia and refractive errors in infants with regressed mild (�stage 2) ROP and those who had not developed retinopathy. Strabismus is a well-known associate of neurological abnormalities and several studies have excluded abnormalities of the central nervous system in order to investigate the association between strabismus For infants who never developed ROP the predominant axis is 60°_120°, but with increasing ROP severity there was a significant trend away from this axis (p = 0.(02) and the proportion at other axes increased.
and ROP. However, these results must be interpreted with caution for the method of exclusion is often relatively crude, as recognised by Kushner.lO Gibson et al.l7 in a prospective study of infants with a birthweight ::::; 1500 g who had regular cranial ultrasound examinations in the neonatal period noted an overall incidence of strabismus of 10% (13/127), but 50% in those with cystic periventric ular leucomalacia (7!14,p<O.OOl) and 70% in those with posteriorly located cysts. In the present study we also found that abnormal ultrasound cranial events were asso ciated with both the presence and stage of acute ROP (p = 0.OQ1 and p<O.OOl respectively), fusional ability (p<O.OOl) and strabismus (p<0.00l). We are not able fully to differentiate ROP and neurological events as caus ative factors of strabismus, but these results suggest that both may contribute. The mechanism by which regressed ROP may cause strabismus is not immediately obvious, although it is interesting to note that ROP delays develop ment of the macular reflex,27 and Mintz-Hittner28 reported a retinovascular abnormality of the central retina in sur vivors of very low birthweight (::::; 750 g). As this was associated with reduced acuity, photoreceptor function is implicated.
The development of visual acuity in preterm neonates is dominated by innate pther than environmental influences, and premature exteriorisation appears neither to hasten not to retard its maturation.29,30 Thus on the basis of cor rected age, acuity development of preterm and of fullterm infants during the first year of life are in close agreement. 29 In the present study visual acuity was measured by the acuity card procedure, which unfortunately due to practi cal constraints was limited in most instances to binocular acuities only. Nevertheless this is the first study to attempt to measure the acuity of a cohort from a prospective study for ROP, and many of the findings are of interest. Of the 431 infants tested, including the 340 infants in which test ing was between 20 and 40 weeks corrected age, acuity fell below the normal range in only 8 (as defined by Sebris et al.)/I and 2 of these had no grating detection. None of these 8 infants had retinal abnormalities sufficient to account for this finding, but all had severe neurological abnormalities, to which the acuity deficits were attributed. Nevertheless, despite acuities falling within the normal range there is a significant association (p<0.00l), at 6 months corrected age, between acuity and the presence and severity of acute ROP, with a trend for lower acuities with increasing severity (Fig. 1) . This trend persisted after removal of the 8 infants with abnormally low values and correction for both age at examination and abnormal cra nial ultrasound results. It could not be accounted for by cicatricial retinal changes or the degree of prematurity (i.e. the most immature babies developing severe ROP), as no significant association was noted when acuity was plotted against birthweight or gestational age. Abnormal cranial ultrasound per se was not associated with lower acuity levels. Katsumi et al.32 also reported normal development in infants with stage 1 and 2 acute retinopathy and there after. Birch and Spencer33 have reported slightly lower 48 1 acuities in infants with regressed ROP (stage not given) who had normal posterior poles -a result which persisted after removal of infants with neurological abnormalities. Luna et al. 34 reported significantly delayed acuity development in the first 2 years of life in regressed stage 3 ROP, but in contrast to Birch and Spencer33 these workers concluded that this delay was due to neurological abnormalities as normal development was noted when the former were removed from the analysis. Our study and those of Luna et al. 34 and Birch and Spencer33 are not strictly analogous. It is also of interest that low, but normal acuities have been reported in older ex-preterm groups such as 4-year-old children,35 or ex-preterm teenagers,36 and McCormick et al.14 reported that only 78% of preterm children (excluding those with cicatricial ROP) achieved 6/6 acuity compared with 92% of fullterm children. The relative contributions of ROP and/or neurological damage to acuity development are not known, but two comments are pertinent. First, despite ophthalmoscopically complete regression, lower acuity values can result and knowledge of the maximum ROP stage is important when considering the basis of low visual acuity. Second, the precise relation ship of neonatal neurological events to the maturation of visual functions is in many cases uncertain, and ascribing visual significance to certain of these insults (as we and other have done in the past) is prejudging a complex issue. This is the first study systematically to analyse refrac tive data by ROP stage. During the neonatal period pre term infants are frequently myopic,37-41 but there is a trend towards emmetropia with increasing age,14 so that by 6 months there is no difference between preterm and full term infants.39 Our refractive data obtained at 6 months revealed four changes with increasing severity of acute ROP: 1, a significant trend of the sphere towards myopia; 2, increased magnitude of astigmatism; 3, alteration of the axis of astigmatism; and 4, increased incidence of aniso metropia. In the first three of these, the significant step was between stage 2 and 3 and not at each stage, although there was an insignificant trend from no ROP to stage 2. That mild, transient ROP does not significantly influence refractive status is supported by Schaffer et al.,13 who reported only an insignificant trend towards myopia in regressed mild ROP, but not by Kushner et al.,lo who noted significant changes. The association of myopia with ROP is well known,2,5,6,9,11,12,14-16,19,37,42-44 and myopia is frequently associated with cicatricial disease. Nissenkom et al.12 reported a positive correlation with the severity of cicatricial ROP. Our numbers are too small for comment on this point. There are many reports in the literature on astigmatism and anisometropia being associated with ROP, but these aspects have not, as yet, been studied systematically. The mechanism(s) of refractive develop ment in preterm infants with ROP is unknown, but is in all probability multifactorial and influenced by the severity, location and duration of acute ROP. Our results support the long-held tenet that the effect of mild ROP (stages 1 and 2) on ocular growth is minimal, in contrast to the effect of stage 3 ROP. The ROP process occurs at a period of rapid ocular development and involves the part of the eye most actively growing,45 so it is not surprising that growth of the peripheral retina and the whole anterior por tion of the eye may be retarded by acute ROP, and further restricted during cicatrisation.3,6 Anomalies of corneal diameter,6 corneal curvature,3,46,47 lens power and axial length2,5 have been reported which may contribute to the eventual refractive status. We have shown that the axis of astigmatism which is predominantly 'with the rule' with out ROP exhibits a significant trend away from this axis with increasing ROP severity. Noted before,48 this is the first time the axis of astigmatism has been studied syste matically. Although the mechanism producing this alter ation of axis direction is not known, it could be influenced by restriction of ocular growth during all ROP phases act ing predominantly in the temporal and/or nasal regions. Interocular differences of axis direction could be expected as asymmetry is characteristic of cicatricial ROP.
We have undertaken an intensive study into the natural history of ROP and here we have presented our findings at 6 months corrected age. As at this early age maturation of the eye and the remainder of the visual system is far from complete these data have certain limitations and do not necessarily indicate the long-term situation. Nevertheless they improve understanding of the sequence of events which in turn may contribute to our knowledge of the kinetics and mechanisms of ocular growth and visual development. It is to be hoped that this will lead to the appropriate timing of clinical interventions in this poten tially blinding condition.
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